Although several meta-analysis studies have been published comparing the quality of food derived from organic and non-organic origin, it is still not clear if food from organic production per se can guarantee product-related added value to consumers. This paper aims to summarize the status quo in order to identify research gaps and suggest future research challenges. Organic food is described according to a quality model already published. The influence of organic production on food quality is structured in primary production and processing. Furthermore, organic food authentication is discussed. Organic food seems to contain fewer pesticide residues and statistically more selected health-related compounds such as polyphenols in plant products and polyunsaturated fatty acids in milk and meat products, but the health relevance for consumers is not clear yet. Comparing food from organic origin with so called 'conventional' food seems not to be appropriate, because 'conventional' is not defined. In organic food quality research a system approach is needed from which systemic markers can be selected. Research on the impact of processing technologies on the quality according to organic principles seems of high relevance, since most of the food is processed.
INTRODUCTION
Since 2000 the organic food market has been growing all over the world, with yearly growth rates of about 10%.
1,2 Consumers buy such food because they expect that it is healthier than food from non-organic production and because of environmental concerns.
3 -7 Until now, there seems to be a lack of evidence that food from organic production is significantly different from that from non-organic production in relation to product criteria such as nutrition or health impact. 8 -11 During the Second International Conference on Organic Food Quality and Health Research that took place in Warsaw, Poland in June 2013, scientists reported new findings on the impact of organic production on food quality. Based on this, they identified important research gaps and future research challenges in this field. The results are presented here, because they may be of interest for all scientists working on this topic.
ORGANIC FOOD QUALITY
Organic food production can be described as consumer-oriented. 12, 13 This was analyzed comparing concept and consumer awareness from organic to functional food. 14 Kahl et al . 15 identified gaps between consumer expectations and what can be guaranteed according to food quality through regulations and standards. To close this gap, a quality model for organic food was described recently, 16 which puts together principles, criteria and measurable parameters making organic food quality operable. Most of the studies evaluating organic food quality are based on the measurement of selected food compounds (parameters) comparing food from organic versus non-organic origin. 17 
INFLUENCE OF PRIMARY ORGANIC PRODUCTION ON PLANT AND ANIMAL FOOD QUALITY
Nearly all studies evaluating organic food quality focus on the impact of primary production on the food attributes.
Furthermore, most of the studies deal with parameters related to nutrition and health criteria. There is only a selection of measured single compounds and, in addition, this selection changes during time and between the studies. Comparing food from organic and non-organic production, several meta-analysis studies were published, but lack of data still exists, because only a few proper single studies have been published yet. Brandt et al. 17 compared several meta-analyses carried out on the influence of production on plant foods. The outcome depends strongly on how the analysis is performed. Summarizing these different studies, it seems that plant products grown under an organic regime contain fewer pesticide residues and more of a few single compounds that have a potential health effect compared with food from non-organic production. The differences are of statistical significance, but it is not clear to what degree the enhanced content can be expected to affect human health. Another problem is that the putative health effect of each selected single compound is controversially discussed in scientific debates. According to the production, it seems to be clear that statistically fewer pesticide residues occur in organic than in non-organic food, because those chemicals are banned by regulations. To what degree fertilization influences the levels of food constituents is not clear yet. Although the kind and amount of N fertilization are regulated in organic food production, several other factors not regulated may also contribute. 11 For some antioxidants it seems that the crop variety is one of the major factors influencing levels of these substances in the food. 18 Palupi et al. 19 published the first meta-analysis on dairy products, indicating a higher content of polyunsaturated fatty acids in organic products than in non-organic samples. Besides the beneficial conjugated linolenic and -linolenic acids, also antioxidant compounds such as -tocopherol and carotenoids were observed to be higher in milk produced by cows under organic management than in non-organic milk. 20, 21 In addition, sheep and goat dairy products from organic farming systems in Mediterranean environments showed a healthier fatty acid profile than products from conventional farms. 22, 23 However, these findings are connected to the factor 'feeding regime', mainly in relation to the incidence of pasture forage in the diet of animals, which is regulated in organic animal husbandry. The difference is a probability, not a guarantee, as Kahl et al. 15 discussed already. Non-organic rearing systems are not defined as a group of their own; that is, everything is not certified and therefore milk quality can differ to a certain degree, depending on whether cows grazed fresh forage at pasture or were housed indoors and fed hay and silage. Indeed, Butler et al. 20 found no difference in health-promoting compounds in milk from cows grazing pasture between low-input organic and low-input non-organic systems.
It seems that appropriate grazing management, linked to the adoption of sustainable stocking rates and rotational pastures, regulating herbage allowance and intake by animals, could have a considerable effect on nutritional and health properties of dairy products. 24, 25 Moreover, the use as dietary supplements of alternative feeding sources to maize and soybean, such as locally grown cereal and legume grains that are free from genetically modified organisms (GMOs) and mycotoxins, seems to provide less expensive and safer organic animal products, with healthier fatty acid profile. 26 Because not many studies exist, further investigations are needed on this topic.
INFLUENCE OF ORGANIC PROCESSING ON FOOD QUALITY
Although nearly 80% of food derived from organic production is processed, there are not many studies available investigating the effect of processing on food quality. 27, 28 Schmid and Beck 29 gave the first overview on organic food processing, bringing concepts, methods and expectations from consumers and processors together. Very recently, Beck et al. 30 identified research gaps and future research challenges in organic food processing. Food processing can be defined as the practices to transform raw plant and animal materials into intermediate foodstuffs or edible products for consumers through organized combinations of different unit operations such as washing, grinding, mixing, cooling, heating, freezing, etc.
Food processing has different aims, including ensuring microbiological and chemical safety of foods, adequate nutrient content and bioavailability to consumers, adequate acceptability to consumers with regard to sensory properties and ease of preparation, to increase the shelf life of food, food availability, variability of food supply, etc.
Processing causes changes in food and food properties: some changes are beneficial and necessary to achieve the objectives of the process; others are harmful and should be avoided as much as possible. Scientific research in food science and technology involves several disciplines (biology, chemistry, engineering, nutrition, sensory science, etc.). Progress in these disciplines has allowed us to find solutions to reduce, limit or control the harmful changes caused by food processing and to improve and enhance its efficacy and efficiency.
Considering the share of total organic sales, processed organic foods have a main role in the organic food market. 31 Nevertheless, the current European organic regulation 32 provides only generic indications about processing, permitting the use of the additives and processing aids included in a positive list, clearly prohibiting only the use of GMOs and irradiation, and recommending that the process should be performed with care and preferably with the use of biological, mechanical and physical methods, with exclusion of chemical methods.
In contrast to the generic indications of the European regulation, some private organic associations are more restrictive and prohibit the use of some technologies such as sterilization that are considered as not careful because they are too intense with regard to the product and its quality. However, the relation between food process and quality is a complex subject and generalization should be avoided. For example, heat treatment in addition to intense homogenization is responsible for higher lycopene availability in tomato paste than in fresh unprocessed tomato. The homogenization and heat treatment cause a breakdown of the tissue matrix, which weakens the bonding forces between lycopene and tissue matrix, thus making lycopene more accessible. 33, 34 Moreover, lycopene in fresh tomato fruits occurs essentially in all-trans configurations. During processing, these configurations are in part converted into cis isomers that are more easily absorbed by the human intestine. 35, 36 Canning is generally considered in a negative way because it can cause a significant destruction of heat-sensitive compounds such as ascorbic acid. However, canned products can be stored at room temperature for several months. Frozen food can be stored for a comparable length of time, even though the maintaining of −18 ∘ C temperature involves high energy consumption. The impact of the freezing process on the ascorbic acid content of fruits and vegetables is significantly lower than that of canning and mostly due to the blanching treatment. 37, 38 However, if the ascorbic acid content is compared after 6 months of storage, the difference between frozen and canned green beans is less. Moreover, differently from canned ones, frozen vegetables need to be cooked before consumption, and cooking can cause additional ascorbic acid losses that, paradoxically, can bring the concentration in peas or spinach to be lower than that of the canned counterpart at consumption. 38 However, if sensory quality of canned and frozen vegetables is compared, the latter should be preferred by consumers because they more closely resemble fresh counterparts in terms of taste, flavour and colour. In fact, freshness is one of the main factors influencing the food choice of European consumers. 39, 40 The number of products with fresh-like characteristics that consumers can find on the market has constantly increased in the last few decades. The currently adopted technological approach to food preservation is mainly based on slowing down microorganism growth and spoilage reactions rather than to guarantee the safety and shelf life of products through the destruction and inactivation of microorganisms and enzymes by intense heat treatments (canning, for example). On the one hand, this approach allows one to avoid the negative effect of severe heat treatments on the nutritional and sensory quality of the products; on the other hand, it implies the use of high-quality raw materials, overall from the microbiological point of view. This approach consists in placing a sequence of hurdles to microorganism growth and enzyme activity, thus allowing one to extend the shelf life of products while retaining the nutritional and sensory characteristics of the raw, unprocessed materials (e.g. fresh-cut salads). 41 These products, commonly defined as 'minimally processed foods', need to be stored under refrigeration, and the control of the low temperature along the chain (cold chain) has to be guaranteed. Some food technologists include in this category of food products also those that have been exposed to controlled amounts of heat to deactivate pathogens, such as fresh milk or fresh pasta that has been heat pasteurized. According to the organic regulation (Art. 6, EC Regulation No 834/2007), the production of processed organic foods is based on a limited use of additives and processing with care, preferably with the use of biological, physical and mechanical methods. Minimal processing is in line with these principles.
In the last 20 years the innovation in food technology has been focused on (a) improving the efficiency and efficacy of heat treatments, with ohmic heating, 42 radio frequency heating 43 and infrared heating 44 being examples of this, and (b) identifying alternative methods to heat treatments, with high pressure, 45, 46 cold plasma, 47 pulsed electric fields 48 and pulsed light 49 representing the alternative techniques mainly studied. These techniques allow very rapid treatments and a reduction of unwanted thermal effects on food colour, flavour and nutrients. Therefore they seem promising for use in food stabilization while preserving nutritional and sensory quality characteristics. Although few data are still available on the environmental impact of these techniques, there are studies that indicate potential energy savings for some of them in comparison with traditional heat treatments. 48 Notwithstanding this, the number of commercial applications of these techniques is still limited owing, in general, to high equipment costs, limited throughput, lack of effect on microbial spores, incomplete deactivation/inactivition of some enzymes or activation of latent forms of some enzymes, need of labour and lack of knowledge.
Among the emerging technologies, nanotechnology seems to be able to lead to a number of innovations that are expected to make a major impact on the agro-food sector. However, knowledge about this technology is still very scarce, particularly with respect to the implications for consumer safety. So far, few studies have been carried out on the potential consumer safety implications from the application of nanomaterials in the agro-food sector. For example, the potential effects of nanoparticles through the gastrointestinal route are largely unknown. In terms of environmental behaviour, the distribution and fate of nanoparticles are currently not fully understood, and it is difficult to assess whether nanoparticles in the environment will accumulate/concentrate in the food chain. 50 Biodegradable polymer-nanomaterial composites represent an application of nanotechnology that could be of interest for the sector of organic food processing. 51 However, potential migration of nanoparticles into food and drink from the packaging could represent a risk for consumer safety, though few migration data are currently available.
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ORGANIC FOOD AUTHENTICATION
One of the major issues in the organic food system is the integrity of the food chain. 52 Although certification systems guarantee this 'added value', traceability through product measurements may help to detect fraud. Here the focus is not on the quality of the products, as described by Kahl et al., 16 but on authentication regarding the process. Very recently, Capuano et al. 53 gave an overview of markers applied in analytical authentication of organic food. Also here, the studies mainly focusing on primary production have not taken into account that even organic food is mostly complex and processed. Furthermore, methods difficult to authenticate, such as stable isotopes or non-targeted techniques, are not or not easily related to food quality criteria such as nutrition and therefore cannot show if the plus expected is present in the food or not. Although most of the methods have shown their potential for application in principle, tests on large sample sets and under more practical conditions still have to be performed.
IDENTIFIED RESEARCH GAPS
We have clustered the identified research gaps according to two main areas: definitions and research methodology.
In Europe, organic production is defined through several EU regulations in accordance with national and/or private standards.
32,54 -56 Canada, Japan and the USA also have national regulations on organic food production. 57 -59 Furthermore, organic food production is described in Codex Alimentarius 60 as a kind of worldwide agreed definition. Nearly all studies dealing with organic food quality determination compare food produced according to these regulations and standards with food produced in other ways. The term describing the non-organic origin is 'conventional'. 'Conventional' is everything that is not 'organic' but covers a whole range of different agricultural practices and processing technologies. Using this term in comparison with organic may indicate that 'conventional' is also a clearly defined system, which obviously it is not. The next problem is that organic regulations such as EU-834/2007 32 and EU-889/2008 61 give the possibility for a wide range of different agricultural practices and processing methods, because not all important factors are regulated or levels are not narrow enough to guarantee a certain range of product quality. Although organic specialists argue that the intention of organic farming and food production is focused on process-related aspects rather than product quality, consumers expect an added value also in the food itself.
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Within the research methodology area we clustered the research gaps into two groups: one reflects research problems occurring through the selection of the study design; the second reflects the problem of how to select the right markers for evaluation of the results.
Within the question of the study design, one of the main questions is whether the comparison between 'organic' and 'non-organic' is still the appropriate study design for evaluating the quality of organic food. What do we compare? It seems to be that samples from regulated production (organic), which still show a great variation, are compared with samples from not further defined production. Do we harvest plant samples from these different origins at the same time of harvest even though they may undergo different processes of maturation? This is also true for meat quality in terms of slaughter time, etc. The next problem is a statistical one: at what number of samples will we achieve a representative result? Furthermore, to what level, worldwide, European or regional, and for which products is this result representative? At least, what do we compare: single factors of influence such as fertilization or complete farming systems?
According to the quality model given by Kahl et al., 16 it is not clear which indicators should be selected for studies evaluating organic food quality. Moreover, it seems that some parameters are applied because methods to measure them are available, without reflecting their contribution to organic food quality. Quality determination mainly follows single-parameter selection and not a system approach as would fit to the organic food system. Beck et al. 30 identified research gaps according to organic food quality in that they analysed the different levels for evaluation. Here some organic-specific indicators are not based on measurable parameters, for which methods have to be developed.
FUTURE RESEARCH CHALLENGES
We have clustered our different and mostly detailed research challenges into main topics. We do not give priority to them, as we think this is up to those dealing with the different areas.
In organic food quality research a system approach is needed in order to evaluate and improve the organic system from field to fork and according to the multidimensional quality model.
Food as a system has to be identified, described and quantified in order to relate the measured quality parameters or indicators to related criteria such as human health, well-being and environmental impact, including animal welfare.
Strategies for improving the quality of organic food should be developed, including adopted study design, methodology and markers. Instead of comparing two more or less undefined systems, an analysis of the critical steps within the organic production chain regarding their impact on food quality and consequently their improvement seems to be appropriate. Markers should be selected that describe the food as a system and in relation to the multiple quality dimensions, rather than reducing it to a few single constituents.
Furthermore, the analysis of best practices in primary production and processing may offer an efficient tool for improvement of organic food quality.
Because most organic food is processed, the evaluation of processing technologies seems of high relevance. Here existing technologies should be evaluated and improved as well as new ones developed that meet the requirements of organic food processing.
Food from related systems such as traditional and regional as well as fair trade, etc. should be included in the scope, because there seems to be several overlaps between organic and these different ways of food production. Research on the understanding of attitudes, behaviour and perception of consumers regarding organic food is necessary as an important basis for food quality research studies.
